B R -.'."-."-.-..'i -:’; "-..‘.—‘-
i b/(,L for Aerosaidics -

I araii.nD
AN 23 1936

ITm4£i£%4ﬂ4r,-gi;%Lﬂ7’zf?

TECHNICAL NOTES

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

No. 552 =

WIND-TUNNEL TESTS OF WING FLAPS

SUITABLE FOR DIRECT CONTRQL OF GLIDE-PATH ANGLE

[ § P Y

- " By Fred E. Weick = e
Langley Memorial Aeronautical Laboratory

_ Washington
1 : January 1936



LY

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 552 : -

WIND-TUNNEL TESTS OF WING FLAPS
SUITABLE FOR DIRECT CONTROL OF GLIDE-PATH ANGLE

By Fred E, Welck
SUMMARY

Preliminary tests have been made in the N.A.C.A, 7-
by 10-foot wind tunnel for the purpose of obtaining a
flap arrangement suitable for direct and immediate control
of the steepness of the glide path of an airplane, a use
for which present flaps are not satisfactory. An attempt
has been made to develop a flap giving a reasonably high
maximum 1ift coefficient with relatively low deflection
and maintaining this value of the maximum 1ift coefficient
with a large increase of deflection, the increase in de-
flection being accompanied by a large increase in drag.
An arrangement was found that gave a maximum 1ift coeffi-
cient of approximately 1.90 for all flap deflections be-
tween 25° and 80°, within which range the drag of the
wing increased regularly to a large value.

INTRODUCTION

The usual high-1ift flaps increase the drag in larger
proportion than they increase the 1ift and they can there-
fore be used %to increase the angle of glide in an approach
to a landing. They do not, however, give satisfactory and
instantaneous control of the flight-path angle because the
use of the flaps ordinarily involves a change of speed,
and therefore of kinetlc energy, that tends to give a mo-
mentary action in the opposite direction to that desired.
For example, as the flap is extended to increase the steep-
ness of descent the 1ift increases and the airplane ordi-
narily attains a new balance at a lower speed. The kinetic
energy assoclated with the speed loss 1s dissipated by
1lifting the airplane from its original flight path, and it
travels a matter of several hundred feet before the actual
flight path crosses the projection of the origimal path
and the glide is changed in the desired manner. Conversely,
if the airplane is gliding steeply at low speed with the .-
flap extended and an attempt is made to flatten by retract-
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ing or neutralizing the flap, the 1ift is reduced and the
speed increases until a rHew cohdition of balance is
reached; the alrplane in thig case drops below the projec~
tion of its original flight path until it has traveled a
distance of several Hundred feet. Thig the flaps are not
in themselves sultable to give direct control of the glid-
ing angle but are merely wuseful (i .addition, of course,
to giving a reduction in the minimum speed available) in
converting a medium or low~drag airplane into one having s
higher drag and consequently a steeper glide,

The purpose of the present "investigation was to find,
if possible, a flap arrangement suitable for direct and
Immediate control of the glide-path angle. In this con-
nection, ‘it was considered desirgble that. the.approach to
a landing consist  of a-'glide at low speed with a wide
. range of flight-path angles available., It was assumed
that the speed of approach should be a sufficient amount
above the minimum speed to give a reserve for countering
the effects of gusts and for flaring off the glide path at
contact and that the mirplane .should bPe so arranged as to
~.balance at this speed with 411 flap settings used in the
approach and landing .maneuver. A study of the resultis of
other flap tosts indlcated that the best results wounld
Vvery likely be obtained by means of a slotted flag arranged
to have a high 1ift with a low deflection, say 20“ or 25°,
and consequontly a rolatively :low drag, 1f slot proportions
could be found .that would give nbout the same maximom 1ift
with further flap deflection to a high angle with its ac—
companying high drag. A numbor of preliminary tests wero
therefore made in an atfempt to find a reasonadly satis-
factory arrangement of this nature. Some of the most sig-
nificant results are given in the present paper.

APPARATUS AND METHODS

) A cross section of the airfoil with flap is shown in
figure l. In order that the flap itself might attain as
high a'1ift as possible with a relatively low deflection
the flap portion of the wing was formed %o an alrfoil sec~
tion (Clark Y). Two main forms of slot were used, the dif-
ference "Beling in the shape of the lower surface of tho alr-
foll Jjust ahead of the flap. Slot 5D was formed with a
'sharp .corner similar to the type that the tests of refer-

" ence 1 indicated would have a low drag. ‘Slot 6 had the cor-
ner removed and the under surface falred into a gentlie curve,
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a2 form that seemed promising. With both forms of slot,
tests were made with the flap located in several positions
with respect to the main portion of the wing, giving fur- ¢
ther changes in the slots with flap deflection.

The 7~ bv 10 foot wind tunnel, which is of the open-~

.Jet type, is described in reference 2, For the present

tests, the model airfoil was supported on the regular bal-
ance but was located between two large vertical plates
extending entirely through the air stream from top to bot-~
tom and spaced 20 inches apart. Thus, the air flow over
the model was essentially two~dimensional in character.,
This apparatus is described in reference 3. The resunlts
are not corrected for the deflection of the tunnel air
stream. .

RESULTS AND DISCUSSION

The first tests were made with slot 5D, the flap
hinge axis being tried in several different locations with
respect to the wing and the flaps being tested at various
deiflection -angles. The positions and deflections were
chosen to cover with the minimum number of tésts the con-
ditions that seemed likely to give high 1ift with low de~
flection and to maintain the high 1ift as the Q9flect10n
was increased. The results have been plotted in %two. dif-
ferent ways: first, as charts showing the variations of
maximum 1ift with flap position for a gliven deflection
(fig. 2); and second, as a series of polar curves for the
different flap deflectionsg with oae axis location (figs. 3
to 6). 7Position 01 (fig. 3) was the only one that gave
reasonably satisfactory reswvlts. For this position, the
marzimum 1ift coefficients were very nearly constant at ag—
proximately 1.90 for all flap deflections from 30° to 80
and by interpolation it would seem that this would proba-

g hold true down to 25Y The value for a deflection of

wvas only slightly 1ower, being 1.83. At a constant
value of.the 1ift coefficient suitable for the glide ap-

proach to a landing, say & value of l.4, the drag 1ncreased

quite regularly with increase in flap deflection above 20°
indicating that if the airplane were balanced so as to
maintain a speed corresponding to such a constant 1ift co-
efficient and if the flap control forces were reasonadly
low and regular, the flap would provide a satisfactory
glide~angle control. The drag at a 1ift coefflcieﬂﬁ_bf _
l.4 increased greatly with increased flap angle, ite value
with the 80° deflection being more than.double that with
the 20° deflection.
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It is of interest in this connection that the angle
of attack, as shown by the light dashed lines. of figure 3,
remains practically constant for a given value of the 1ift
coefficient for all flap settings betwesen 30° and 80°,
The pitching-moment coefficients with this slot and flap
arrangement, as shown in figure 76 are practically the
gsame for flap deflections from 30 to 60° and are not great—
1y different for the 20° and 80° deflectlions, indicating
that there should be no great difficulty in providing that
an alrplane maintaln balance at an approximately constant
gpeed throughout a large range of flap deflections. The
absolute values of the pitching moments obtained with the
present test arrangemsnt do not agree exactly with those
obtained for similar airfoils of aspect ratio 6, but the
differences in moment with different flap settings are
reasonably accurate.

The regults for the wing with slot 6 are given in
figures 8 to 12. The results are not greatly different
from those obtained with slot 5D, ©positions A'l and
01 both being fairly satisfactory. As shown by the con-
tour lines of figures 2 and 8, the exact location of the
flap 1s somewhat less critical with slot 6 than with slot
5D, high values of the 1ift coefficient being obtained
throughout a larger range of positions. The maximum 1ift
coefficlients obtained with the different deflecitions were
not guite so uniform, however, as those obtained with glot.
5D, position O0l. With slot 6 the 40° deflection gave._ a
slightly lower value than the other deflections tested,
and wlth position 01 +the 30 deflection gave 'a higher
value than the others. ' S

The lowest drags for the conditions representing high
speed and gliding flight were obtained with the flap set
at ~5° The same value of the minimum drag coefficient
was found with both forms of slot.

The position of the hinge axis on the flap that was
used in the present tests, and the resultant aerodynamic
balance of the hinge moments, was arbitrarily chosen to
‘enable comparison with preliminary unreported tests made
with a different flap. If a different amount  of balancse
is desired, an approximate ides of the 1ift coefficients
available can be obtained for the new position of the flap
with its various deflections from tHe values given in fig—
ures 2 and 8. '

The results of these more or less qualitative prelim-
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inary tests indicate the desiradbility of attempting the

use of flaps of this nature for controlling the glide path
of an airplane in flight and, if the flight tests show

this form of control to be desiradble, of making a more com-
plete wind-tunnel investigation.

CONCLUSIONS

1. A slotted flap arrangement was found that gave a
reasonably high maximum 1ift coefficient and a relatively
low drag with a low flap deflection and that maintained
this 1lift coefficient with a regular increase 1in the drag
coefficient as the flap deflection was increased up to 80°.

2, Only minor differences were found in the aerocdy-
namic characteristics of the wing with the two general
formsg of slot tested.

Langley Memorial Aeronautical Laboratory,
- National Advisory Committee for Aesronautics,
Langley Field, Va., August 8, 1935,
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